The late-onset cardiotoxic effect of anthracycline is known, however the early detection and prevention of subclinical myocardial damage has not been fully understood yet. Besides medical therapy regular physical activities may also play a role in the prevention and reduction of side effects of chemotherapy. The aim of our present study was to detect the effect of regular physical activities on the diastolic function and on the symptoms of late heart failure in case of anthracycline chemotherapy. The prospective study included 55 female patients (age 31-65 year, average 49.5 years) with breast cancer and no cardiovascular risk factors. Proper cardiologic checkup included physical examination (blood pressure, pulse, etc.), eCg, standard echocardiography parameters (eF, lV dimensions etc.) and specific tissue doppler (Tdi) measurements. symptoms of heart failure were also recorded. After five years of follow-up, symptoms of heart failure were evaluated again. Patients were assigned into two groups depending on their physical activity: 36 patients did perform regular physical activities (mean age 49.2 years) and 19 patients did not (average age 50.1 years). There was no significant difference between the two groups in basic physiological or standard echocardiography parameters neither at the baseline nor at the later time points. diastolic dysfunction (decreased e/A) was detected 6 months after the beginning of the treatment (T2 time point) in both groups. in the inactive group this value fell below one however there was no significant difference (1.1±0.25 vs. 0.95±0.22). one year after the beginning of the treatment (T3) a significant difference could be detected between the two groups (1.05±0.28 vs. 0.86±0.25. P=0.038). Consistent change in diastolic function (ea/Aa) could be detected with the more sensitive Tdi (Tissue doppler imaging) measurements after treatments in both groups, especially in the septal segment (in the non active group the ea/Aa decreased markedly but not significantly at T2 -1.1±0.55 vs. 0.81±0.44, and this difference became significant at T3 and 2 years after treatment (T4), p=0.007 and p=0.065). The filling pressure (e/ea) rose above 10 (p=0.09) in the non active group at T2; and it kept rising in both groups and became significant at T3 (p=0.012). Five years after the onset of the treatment symptoms of heart failure were less frequently reported in the physically active group than in the inactive one (19.45% vs. 68.42%). The data of our study show that the diastolic dysfunction of the left ventricle related to the anthracycline therapy became evident in the physically active group later and the symptoms of heart failure were less frequent than in the non active group after five years period. enrollment in sport activities could be a good means for partial prevention in this group of patients. Cardiologic checkup at proper intervals plays a pivotal role in detection of possible cardiotoxicity. This is a strong indication for changes in the lifestyle of the patient and the treatment protocol alike.
Anthracyclines such as epirubicin and doxorubicin are effective antineoplastic drugs effectively used in adjuvant chemotherapy used for adults and children in a wide range of malignant diseases including breast cancer, childhood tumours, soft tissue sarcomas, lymphomas and different types of leukemia. The clinical use of this highly effective anticancer drug is limited due to a severe, dose-dependent cardiotoxic effect characterized by acute cardiac injury that may progress to irreversible cardiomyopathy and congestive heart failure months even years following administration.
Anthracycline induced cardiotoxicity may have an acute, subacute or chronic manifestation [1] . With the novel chemotherapy protocols used in the past years (reduced dose, prolonged administration), the incidence of acute and subacute myocardial damage has significantly decreased [2] . The chronic manifestation has two well-distinguished groups, the early -and the late-onset of the disease. The former arises within one year after completing chemotherapy, whereas the latter may develop even decades later. it is characterized by a slow onset, often with intact systolic left ventricular function, and it is asymptomatic for a long time. Many factors increase the risk of its occurrence and the severity of the clinical course. These factors include age (old and very young people), the female gender, mediastinal irradiation, existing cardiovascular risk, and the cumulative dose of the drug and the frequency of its administration. The classical findings and the proof of the relationship between the risk factors and the chemotherapy were analyzed in an earlier study [3] . Cardiotoxicity depends on the cumulative dose administered. The incidence of the anthracycline-based chemotherapy induced cardiotoxicity is 0.14% in case of a cumulative dose no more than 399 mg/m² is given, and reaches 3% if over a 400 mg/m² dosage is administered. over a limit of 550 mg/m², it stands at 7%, and with 700 mg/m² it meets 18%, and above 1 g/m², the rate of cardiotoxicity hits 50% or more [4] . Based on the data in the recent literature, the rate of late-onset damage is increasing [5] .
Pulsatile and coloured tissue doppler echocardiography is suitable for measuring cardiotoxic cardiomyopathy by depicting the shortening and relaxation velocities of the muscle fibres segmentally. This method is suitable to establish the diagnosis or for the follow-up. The real diagnostic value in case of diastolic dysfunction has been proofed [6, 7, 8] , compared to traditional methods [9] or to other imaging techniques [10] .
There are evidences accumulating to proof that regular physical activity is an effective strategy for cancer prevention. in case of breast cancer, physical activity has been well documented to reduce cancer risk by almost 50%. exercise training prior to treatment with doxorubicin attenuates doxorubicin -induced cardiac dysfunction by maintaining fractional shortening, developed pressure, and cardiac contractility. exercise can improve cardiovascular efficiency, increase cardiac output and stroke volume, decrease resting heart rate, lower exercise heart rate, and improve ventilation and transport of oxygen from the environment to the cell [11] . Animal studies have shown that both acute and chronic exercises are protective against doxorubicin-induced heart damage due to the increase in exercise-induced antioxidant capacity related to increased oxygen consumption. [12, 13] .
The aim of the present study is to evaluate the effect of regular physical work out -prior and during the chemotherapy -on the cardiac dysfunction (diastolic dysfunction) and the development of signs of heart failure in young breast cancer patients with no cardiovascular risk. in our previously published studies, we demonstrated a decrease in the diastolic function during and after chemotherapy in this group of patients we confirmed that Tdi is a suitable method for the early detection of diastolic dysfunction [14] . With reference to the above cited results we studied at this time by the help of Tdi whether the preventive effect of the physical exercise already confirmed can be detected with monitoring the diastolic dysfunction.
Patients and methods
Study population. The study included 55 women, age 31-65 years, diagnosed with and operated on for right-sided malignant breast cancer and treated in the Centre for oncoradiology, uzsoki Hospital (Budapest, Hungary). Patients were chemotherapy naive, and had no cardiovascular risk factors previously (hypertension, diabetes mellitus, smoking, lipid disorder, obesity, etc.). Because of the right sided localization of the breast tumor the heart and the great vessels were not at risk by irradiation. Patients with low or medium risk of invasive breast cancer (stage iB, iiA, iiB -breast cancer is staged using the American Joint Committee on Cancer (AJCC) system) underwent postoperative chemotherapy, consisting of 6 series of epirubicin + cyclophosphamide or adriamycin + cyclophosphamide infusions. The cumulative dose of the doxorubicin was 240 mg/m 2 , and the cumulative dose of the epirubicin was 360 mg/m 2 .The dose of cyclophosphamide used in the study was 500 mg/m 2 according to the standard protocol. supportive therapy was not an exclusion criterion (e.g. painkillers, antiemetics, palliative irradiation in other localisation and bisphosphonates). Patients were assigned into two groups depending on their physical activity prior to the diagnosis. Physical activity was defined as intensive exercise program lasting at least 30 minutes at least 4-5 times a week, including any individual or team sports. Accordingly 36 patients were recruited into the physically active (PA) and 19 patients into the non-active (PNA) group.
Cardiologic examination. Cardiological history, findings of physical examinations, especially of the cardiovascular condition were recorded. A standard 12-lead electrocardiogram (eCg) was recorded, systolic and diastolic blood pressure and heart rate were measured at rest.
Standard echocardiography. The echocardiograms were performed with Vivid 3 echocardiograph (Vivid 3, ge Medical system, Horten, Norway). M-mode recordings were performed in parasternal long-axis view at the level under the apex of the mitral valves. standard parameters were measured during systole and diastole: left ventricular dimensions, diameter of the ascending aorta and size of the left atrium. From the apical 4-chamber view the left ventricular ejection fraction was calculated according to the modified simpson's rule, the atrial dimensions and mitral inflow velocities were measured as published previously [14] . The following parameters were derived: peak early (mitral e velocity) and atrial (mitral A velocity) flow velocities, e/A ratio, deceleration time. Pulmonary venous flow velocities were recorded. The pulmonary venous peak systolic (pulmonary s) and peak diastolic (pulmonary d) flow velocities, s/d ratio, peak reverse flow velocity and duration were recorded. ideally, the diastolic function can be estimated based on these data. Wall motion, valve anatomy, and the occurrence of accidental pericardial effusion were examined in all views.
Tissue Doppler Imaging (TDI). The examination was performed in Tdi mode of the Vivid 3 echocardiograph. The mitral annular velocities were measured with pulsedwave Tdi via transthoracic approach. six different segments were measured (septal, posterior, septal' -septum on the parasternal long axis view, anterior, inferior and lateral) [15] . Velocity measurements were performed in 3 heart cycles and mean values of the three measurements were used in statistical analysis. From the apical 4-chamber view, four different sites of the mitral anulus were selected. Three peak velocities were recorded during Tdi measurements: the positive systolic velocity (s velocity), when the mitral ring moves toward the cardiac apex, and 2 negative diastolic velocities, when the mitral annulus moves toward the base away from the apex. The last two represent the early phase (ea diast. vel.) and the late phase of diastolic (Aa diast. vel.) velocities. They were used in ea/Aa calculations, which is a sensitive marker of diastolic dysfunction [14] . in our present study an ea/Aa ratio below one was considered pathological. This is an artificial setup, but characteristic for diastolic dysfunction.
Left atrial filling pressure. The e/e' ratio, which represents the left atrial filling pressure, can be measured using the two methods mentioned beforehand. According to our current knowledge, a ratio below 8 safely excludes, whereas a value above 15 clearly confirms elevated filling pressure assigned to the worsening of myocardial relaxation, i.e., by diastolic failure. in-between there is the grey zone, with the need of further investigations [16] .
Schedule of assessments. in our prospective study, the cardiac assessment was performed in four steps: prior to the initial chemotherapy (T1); at the halftime of the anthracycline therapy (T2); one year after the first chemotherapy (T3); 2 years after the first chemotherapy (T4). As an extended follow up, 5 years after the first assessment, the inquiry about the symptoms indicating heart failure (dyspnoea, reduced physical capacity, fatigue, foot swelling, night-time urination) was performed via of phone interviews (T1+5 years).
Statistical analysis. All analyses were performed using the sPss 13.0 statistical package (sPss inc, Chicago, il). The Mann-Whitney test and Fischer's exact test were used to compare the two groups. our results were presented as mean±sd.
Results
The age distribution was similar in the two groups of patients (PA -n=36 vs. PNA-n=19) enrolled in the prospective study (49.2 vs. 50.1 ±sd) (see Table 1 ). Applying the inclusion criteria, there were no differences in cardiovascular risk status between the two patient groups.
The baseline data of both groups are shown in Table 1 . There were no appreciable differences between the two groups neither in the baseline data (T1) nor in the data at later time points. The differences observed at given time points, cannot be considered clinically relevant -although statistically significant -because both values referred to (blood pressure and pulse rate) were within normal range.
With reference to the echocardiographic characteristics there were no real differences between the groups regarding aortic diameter, left atrial and left ventricular end-diastolic diameter or the e-septum (these parameters are therefore not included in the table). Within the PNA group, the left ventricular systolic function showed a significant change (eF T3 vs. T2) but it always remained above 60% and did not cause clinical symptoms (see Table 2 ).
With regard to the more important diastolic function, evaluable changes were observed during the study time. The value calculated from the two waves of pulmonary inflow (s/d) -, a parameter featuring diastolic function -showed an unequivocal decrease over time in both groups, thus indicating an impaired diastolic function. The differences between the two groups were not significant, the values decreased below 1 at T3 point but became significant at T4 in both groups. The evaluation of the mitral inflow waves showed unequivocally the change in diastolic function. in both groups there was a visible decrease already at T2, when the value fell below 1 in the PNA group, although there was no significant difference between the two groups yet. At T3, however, there was a significant difference both between the two groups and compared to T1. in the PA group, e/A decreased below 1 only at T4 (Figure 1 ).
data collected by measuring different segments of the left ventricle provide an even more accurate assessment of the (Table 3 ). in our study we observed that, the measurement of the sept and the sept' segments proved the highest sensitivity in the detection of diastolic impairment. in the PNA group, the ea/Aa ratio decreased below 1 already at T2 in the septal segment, whereas in the sept' segment, a value below 1 could be detected in both groups at the same time point. A ratio below 1 was measured in every segment at T3 in the PNA group, whereas in the PA group, this value decreased below 1 in the sept' and sept segments only. At T4 point a value below 1 could be observed in every segment, in both groups. The time passing by the ea/Aa value showed a decreasing trend in every segment in both the PA and PNA groups. This decrease became significant, compared to the baseline value (T1), at T3 in both groups, and remained significant at T4. in the PA group, there was a significant decrease in ea/Aa ratio compared to T2 in the sept' , post and ant segments also. This indicates that the diastolic function remains intact longer in the PA group.
if comparing the values of the two groups, it can be observed that, from T2, the ea/Aa values in the PNA group are lower than those in the PA group in every segment. This difference was significant only in the septal segment, at T3, and a nota-ble difference could be observed in the same segment at T4 (p=0.065) ( Figure 2 ). The value which is a good indicator of the left atrial filling pressure, e/ea sept , rose above 10 already at T2 in the PNA group. At T3, it raised to this level in the both groups, and the value became significant compared to T1 (Figure 3) . The increase is more accentuated in the PNA group, where it was significant compared to T2. The ratio stayed above 10 in both groups at T4. in the first two years of the study none of the patients complained of or presented with the symptoms and signs of heart failure. Five years later, symptoms of failure were manifest (based on phone interviews) in 19.45% of the PA patients and in 68.42%, (a significantly higher percentage), of the PNA patients. 80.55% of the PA patients were asymptomatic, whereas only 31.58% of the PNA patients remained symptom-free ( Figure 4) . A linear regression model was set up to confirm that sport reduces the incidence of heart failure, it was calculated by including following variables: systolic and diastolic blood pressure at the beginning, pulse rate, age and sport. in the model only sport was a significant covariate to heart failure (partial regression coefficient: -0.51, p=0.0017, r square 0.24). on this basis sport actually reduces the incidence of heart failure.
Discussion
data collected by us confirm that in patients with a healthy heart, a diastolic dysfunction can be detected in both the PA and PNA groups after the start of chemotherapy. in the PNA group, the impairment occurred earlier. it could already be seen one year after the onset of the treatment, whereas in PA patients, it only could be observed after the second year. The difference in diastolic function between the two groups became significant after the first 1 year. When analyzing the role of the different segments, we found that the impairment is noticeable first in the septal part in the both groups. symptoms characteristic to heart failure occurred with a significantly higher incidence in PNA patients, based on the phone interviews having been performed 5 years after completing the shortterm assessments.
By gaining more information about the cardiotoxic effect of the agents used during an aggressive chemotherapy, the treatment and the prevention -with even more emphasis -of the impairment becomes more and more important. We are familiar with the cardiotoxic effects of anthracyclines and this knowledge has been growing for decades. The entity of heart failure in children treated with doxorubicin was described already in 1967 [17] .
it becomes more and more evident that with the advance of non-invasive diagnostic methods, the incidence of asymptomatic myocardial damage due to a lower cumulative dose of anthracycline is increasing. in addition, late-onset damage, which may develop up to decades after the therapy and is often responsible for uncontrollable heart failure, is reported with a growing frequency [18] . The best way to prevent this process is the early treatment of the subclinical myocardial damage confirmed. The first sign the altered cardiac function is the impaired diastolic function. in the past years, new methods have been sought for a more accurate determination of diastolic dysfunction. An easy-to-perform, and more and more accessible method is tissue doppler imaging, which measures the motion velocity of a certain part of a segment (most commonly the septal or lateral one) that is close to the mitral annulus, and plots it over time. Tdi indicates systolic (s wave) and diastolic (e, A wave and ea/Aa) function on the basis of basal segment motion [19] . it is to be emphasized how important is the role of the mitral e/ea ratio used to assess the left ventricular filling pressure. it helps to reveal the diastolic dysfunction by measuring the high filling pressure, regardless of systolic function. Numerous studies have been conducted on the development of diastolic dysfunction following chemotherapy [20, 21] . it is known that the development of diastolic dysfunction precedes that of systolic dysfunction. Besides, the cardiotoxic effect may also result in isolated diastolic dysfunction, which may lead to heart failure after a long latency period. The above statements predict the importance of measuring and monitoring this parameter in the treatment of malignancies. The usefulness of the above methods for the early detection of chemotherapy-induced cardiotoxicity was confirmed in our earlier study [15] .
Fifty-five young women with breast cancer were enrolled in this study. The exclusion criteria included traditional cardiovascular risk factors and irradiation of the left chest side, and therefore any change in the left ventricular function during the chemotherapy can be considered a side effect of the treatment. Patients were assessed at four time points. The echocardiography parameters measured before the start of the treatment at T1, were considered reference values. The rest assessment time points corresponded with the development of the subacute (T2), the early-onset chronic (T3), and the late-onset chronic (T4, and the time of the phone interview, which was 5 years after treatment) cardiotoxic effect.
The diastolic function, the value calculated from the two waves of pulmonary inflow (s/d) showed an unequivocal decrease over the time in both groups, indicating an impaired diastolic function. The differences between the two groups were not significant, the values decreased below 1 at T3 in both groups. At the same time, the difference compared to T1 became significant at T4 in both groups ( Table 2) .
The ea/Aa value measured by Tdi is considered abnormal below 1, which is an artificial limit but well characterizes the considerable impairment of diastolic function. With respect to the changes of the parameters in correspondence with the time passing by, the ea/Aa value shows a decreasing trend in every segment in both the PA and PNA groups. This decrease became significant, compared to the baseline value (T1), at T3 point in both groups, and was still significant at T4. The study published by di lisi, with the aim of monitoring the diastolic function in female patients ended up with similar results: Tdi was more sensitive than e/A ratio at baseline and after the chemotherapy. They also found that the reversal ea/Aa ratio preceded the reversal e/A ratio at baseline and after the chemotherapy, in case of diastolic dysfunction [22] .
in the PA group, there was a significant decrease in the ea/ Aa ratio compared to T2 in the sept' , post and ant segments alike, which indicates that the diastolic function remains intact longer in the PA group. Measurements performed in different segments of the left ventricle provide an even more accurate assessment of the diastolic function, with different sensitivity in the detection of the impairment (Table 3 ). When comparing the values of the two groups, it can be observed that, from T2, the ea/Aa values in the PNA group are lower than those in the PA group in every segment. This difference was significant only in the septal segment, at T3, and a difference showing a trend could be observed in the same segment at T4 (p=0.065) ( Figure 2) . in our study, the measurement of the sept and sept' segments showed the highest sensitivity in the detection of diastolic impairment. in the PNA group, the ea/Aa decreased below 1 already at T2 in the septal segment, whereas in the sept' segment, a value below 1 could be detected at the same time point in the both groups. At T3, a value below 1 was measured in every segment in the PNA group, whereas in the PA group, this value decreased below 1 in the sept' and sept segments only. At T4, a value below 1 could be observed in every segment, in both groups.
in the PA group the e/A ratio decreased below 1 only at T4 (Figure 1 ). in the PNA group, an impaired diastolic function could be measured already at the expected time of subacute impairment (see Tables 2 and 3 ). Contrary to this, in the PA group, a diastolic dysfunction defined as per the esC guideline could only be seen during the measurements performed after one year (T3-T4). similar kinetics were observed regarding the change in the left atrial filling pressure as well. The value of e/ ea sept -which is a good indicator of left atrial filling pressure -, rose above 10 already at T2 in the PNA group. At T3 point it reached this limit in both groups, and the change of the value became significant compared to T1 (Figure 3) . The increase is more accentuated in the PNA group, where it was significant compared to T2. The ratio stayed above 10 in both groups at T4. A left atrial filling pressure of 8 to 15 requires further investigations to refine the diagnosis. in our study only a trend of increasing filling pressure could be detected, since no severe impairment developed that would increase the left atrial pressure considerably during the follow-up. The change in filling pressure has not yet been studied in this patient group.
With an extended follow-up (5 years after the completion of chemotherapy), significantly more cases of developing symptoms of heart failure with an impact on the quality of life and on life expectancy as well occurred among PNA patients (see Figure 4 ). Five years after the completion of the short-term assessments, performed by the help of phone interviews, symptoms characteristic to heart failure were approved in 19.45% of the PA patients and in 68.42%, (a significantly higher percentage), of the PNA patients. To put it differently 80.55% of the PA patients were asymptomatic, whereas only 31.58% of the PNA patients remained symptomfree. The beneficial physiological effects of exercise and its role in reducing cardiovascular risk have been known for a long time. Numerous epidemiologic studies have confirmed the relationship between regular physical activity and the risk of developing malignancies [23] . The studies published in the past decade have provided a wide range of evidence for the stressed role of exercise in the prevention of breast cancer [24] . Beyond its role played in primary prevention, regular exercise may have an important role in secondary prevention too, the prevention of cardiotoxic side effects occurring during the chemotherapy of existing malignancies. Many experimental animal models have confirmed the protective effect of aerobic exercise against functional, histological and molecular changes caused by doxorubicin, and against the increase in mortality. Many pathophysiological factors play a role in the beneficial/ preventive effect of exercise [25] . several human clinical studies confirm the beneficial effect of work out exercise during and after the antitumor therapy on the cardiopulmonary function and the quality of life. According to the results of schneider et al., exercise during and after chemotherapy had a beneficial effect on the systolic and diastolic blood pressure, the heart rate and the respiratory function in patients with breast cancer. in addition, it had a positive effect on tiredness and fatigue accompanying the disease, as well as on certain sensory and cognitive functions [26] . Courneya et al. postulated a similar conclusion regarding the physical training after radio-chemotherapy in postmenopausal female patients [27] .
The Framework PeACe study distinguishes between six decisive phases of tumour diseases (prescreening, screening, pretreatment, treatment, post-treatment, resumption), in all of them, the positive effect of exercise can be confirmed. during prescreening, screening phase physical activity may influence directly the cancer detection by affecting the sensitivity and specificity of the screening test and indirectly by facilitating adherence to cancer screening. The third benefit of sport is to help the prospective cancer patients build up their physical condition during the pretreatment period. during the treatment it helps patients to cope with side effects (fatigue, pain, nausea, depression etc.). After a successful treatment period physical activity is an important tool of rehabilitation [28] . our study was conducted during and after the therapy and the benefits of exercise were observed in both cases.
Conclusions. in our previous studies, the subclinical impairment of myocardial function following anthracycline therapy in young breast cancer patients was evaluated. We confirmed that Tdi is suitable for the detection of cardiotoxicity at an early stage. The impairment proved to be permanent; it was still detectable 2 years after completing the therapy [15] . realizing the irreversible character of the impairment the highly important role of prevention must be strongly emphasized in both groups. Based upon of our result and with reference to the literature we confirm the role of physical exercise among cancer patients as an evident means in the primary and secondary prevention. in this study, we investigated whether a preventive effect of exercise can be confirmed at a stage of subclinical myocardial impairment also.
our results show that the impairment in the diastolic function of the left ventricle (as the most sensitive marker of cardiotoxicity) had a later onset in the PA group of patients than in the PNA one. in the PA group, the incidence of any symptom of heart failure was significantly lower -even in the long term follow-up period -, compared to those patients who did not practice regular exercise (Figure 4) . These results correspond with the clinical data about the beneficial preventive effects of physical exercises as described above. in our opinion, supported by the results of animal and human clinical trials (with a lower case number though) it would be favorable to implement exercise, as a widely available preventive method, at the guideline level. The method of Tdi we used is easy to learn highly effective in the early detection of impairment, and it is available in every echocardiography lab. evaluation of the Tdi results does not have limitations because it is cheaper, noninvasive and shows great reproducibility. This method is important therefore for every cardiologist by providing a good means for diagnosing early cardiac impairment of a cancer patient and to help to take the necessary measures to prevent progression. Current guideline prefers the new techniques (3d echo, myocardial deformation -strain) for the clinical evidence of both types of cardiotoxicity. However, 3d echocardiography is not available at numerous centres for oncology therefore 2d simpson remains the method for monitoring eF [29] . Further research is needed on a larger population to confirm the relationships found in previous studies.
Limitations. This study was conducted in a limited group of patients without cardiovascular risk factors. in the future, a prospective study with a larger sample size, longer followup and a several-year follow-up of diastolic function may be required. it is also important, during the several-year follow-up phase, to confirm the development of heart failure in the symptomatic group with a pro-BNP test, which (as a well-known marker) is an early indicator of heart failure. in addition, the new evaluation methods developing or being implemented in the meantime (cardiac Mri, strain rate, 3d echocardiography, etc.) will open a new perspectives of the more accurate assessment of diastolic function. These methods were not available at the time of our research. At the time of the study, the analysis of the pulmonary venous waveform served for the assessment of the diastolic function, although it is not included in the current guideline. several other factors play role in the development of heart failure (diet, life style, genetic factors, etc.), but are not included in our present study.
